Background: The Sepsis-3 guidelines diagnose sepsis based on organ dysfunction in patients with either proven or suspected infection. The objective of this study was to assess the incidence and outcomes of sepsis diagnosed using these guidelines in patients in a cardiac intensive care unit (CICU) after cardiac surgery. Methods: Daily sequential organ failure assessment (SOFA) scores were calculated for 2230 consecutive adult cardiac surgery patients between January 2013 and May 2015. Patients with an increase in SOFA score of !2 and suspected or proven infection were identified. The length of CICU stay, 30-day mortality and 2-yr survival were compared between groups. Multivariable linear regression, multivariable logistic regression, and Cox proportional hazards regression were used to adjust for possible confounders. Results: Sepsis with suspected or proven infection was diagnosed in 104 (4.7%) and 107 (4.8%) patients, respectively. After adjustment for confounding variables, sepsis with suspected infection was associated with an increased length of CICU stay of 134.1h (95% confidence interval (CI) 99.0e168.2, P<0.01) and increased 30-day mortality risk (odds ratio 3.7, 95% CI 1.1e10.2, P¼0.02). Sepsis with proven infection was associated with an increased length of CICU stay of 266.1h (95% CI 231.6e300.7, P<0.01) and increased 30-day mortality risk (odds ratio 6.6, 95% CI 2.6e15.7, P<0.01).
The Sepsis-3 guidelines were introduced in 2016 and define sepsis as organ dysfunction in the presence of proven or suspected infection. 1 In the critical care setting, organ dysfunction identified using the Sequential Organ Failure Assessment (SOFA) score (Table 1) 2 replaces the systemic inflammatory response syndrome (SIRS) as the means by which the adverse physiological effects of infection are identified. 3 According to the new guidelines, suspected or proven infection with organ dysfunction (defined as an increase of !2 in SOFA score) results in the diagnosis of sepsis. In previous definitions, suspected infection could only result in a diagnosis of suspected sepsis until infection was proven on microbiological culture. 3, 4 There is limited published data on the frequency of sepsis following cardiac surgery. Previous studies often limited their investigations to patients with positive microbiological cultures from specific sites such as the wound or the respiratory tract. Such studies used previous definitions of sepsis and identified sepsis in 0.5e2% of cardiac surgery patients. 5e7 In these studies, sepsis was associated with mortality rates in the range of 17e79%. As organ dysfunction is frequent following cardiac surgery due to the inflammatory response to surgery and cardiopulmonary bypass (CPB), Sepsis-3 criteria could potentially diagnose sepsis in patients with transient organ dysfunction due to surgery and coincidental minor infection. The objective of this study was to ensure that adoption of the Sepsis-3 guidelines is appropriate for patients undergoing cardiac surgery. To achieve this objective, we have assessed the incidence of sepsis as defined by the new guidelines and also investigated whether diagnosis with proven or suspected infection influences short-and mid-term clinical outcomes.
Methods

Patients and data collection
All relevant clinical and monitoring data were collected, prospectively, from consecutive adult patients admitted to the Cardiac Intensive Care Unit (CICU) after cardiac surgery at University Hospital of South Manchester between January 2013 and May 2015. Patients undergoing cardiac transplantation were excluded from the study.
Data were collected for the duration of the patients' first CICU admission following cardiac surgery from three sources. First, patient characteristics, preoperative morbidity, and outcome data were collected from the hospital's clinical governance database. Secondly, physiological variables, medication data, and case note data regarding the suspicion or diagnosis of infection were collected from the electronic patient record (EPR). Thirdly, haematology and biochemistry results, together with all microbiology reports were collected from the hospital's pathology database. Hourly recordings of physiological variables, medication administrated, and all available biochemical and haematological results were cleaned using cleaning algorithms in R Studio (R Foundation for statistical computing). 8 Daily SOFA scores (Table 1) were calculated for each patient using the most abnormal value recorded for each variable on each day. 2 For all patients who experienced a SOFA score increase of !2, the clinical notes were examined to identify suspected or proven infection. Proven infection was that confirmed by microbiological cultures (excluding isolated Candida albicans-positive sputum cultures, mixed growth urine samples, or screening swabs which were considered to Editor's key points
The systemic inflammatory response syndrome (SIRS) after major cardiac surgery can complicate the diagnosis of sepsis There are no data on the incidence and consequences of sepsis after cardiac surgery using the Sepsis-3 criteria In this single-centre study, the incidence of sepsis diagnosed using the 2016 Sepsis-3 criteria was higher compared with previous reports using SIRS criteria This study found that sepsis was associated with significantly increased morbidity and mortality, particularly with documented infection Multicentre studies are needed to evaluate the use of the Sepsis-3 criteria after cardiac surgery further indicate colonization). Infection was classified as suspected if antibiotics other than those given as standard prophylaxis were administered or suspicion of infection was documented in the clinical notes section of the EPR. All indicators of suspected or proven infection recorded within 24 h of the day of an increase in SOFA score of !2 increase were included to ensure that no suspected or proven infection were missed.
Missing data
Where blood analyses necessary for calculation of daily SOFA scores were missing, the last known appropriate result recorded for that patient was substituted. Bilirubin concentrations were not routinely measured for low risk patients, so there were 340 occasions (5.2% of all SOFA score calculations) when there was no bilirubin level available for the SOFA score calculation. In 257 of these cases, a bilirubin level subsequently measured for that patient was used. In the remaining 83 calculations (total of 39 patients), SOFA was calculated incorporating the median bilirubin concentration for all patients. In the one patient with no available creatinine level and two with no available platelet count, the median for the missing variable was used. All other data were complete.
Statistical analysis
Normally distributed data were described using the mean and standard deviation; data with non-parametric distributions were described using the median and inter-quartile range (IQR). Outcome measures were length of CICU stay (hours), 30-day mortality (defined as death due to any cause within the first 30 days after cardiac surgery), and 2-yr survival. The relationship between sepsis and length of CICU stay was analysed using the KruskaleWallis test as length of stay was not normally distributed. Univariate analyses of the relationship between sepsis and 30-day mortality were conducted using Fisher's exact test due to the low observed mortality rate. Two-year survival rates were compared using the logrank test. Multivariable linear regression analyses were performed to adjust for the effects of logistic European System for Cardiac Operative Risk Evaluation (EuroSCORE) and CPB time on length of CICU stay. Multivariable logistic regression analyses were performed to adjust for the effect of logistic EuroSCORE on 30-day mortality. The low number of deaths prevented the inclusion of additional confounders in these analyses. 9 Finally, Cox proportional hazards analyses were performed to adjust for the influence of logistic EuroSCORE and CPB time on 2-yr survival. The Logistic EuroSCORE 10 is an extensively validated preoperative risk prediction model for perioperative mortality that includes patient co-morbidities, variables reflecting cardiac function, and operative risk factors. It demonstrates good discriminative ability for UK cardiac surgery.
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Data collection was approved by the National Research Ethics ServiceeHaydock as part of the Vascular Governance Northwest Project (09/H 1000 10/2þ5) and all analyses were performed using R. 8 
Results
During the study period, 2230 patients were admitted to CICU after cardiac surgery. The mean (range) age was 66.1 (18e93) yr and the majority of patients were men (1615, 72.4%). Full patient characteristics for the study population are shown in Table 2 . Median length of CICU stay (IQR) was 48.8 (40.1e93.0) h. Overall 30-day mortality was 1.5% and 2-yr survival was 93.0%. SOFA increases of !2 were identified on 710 occasions in 323 patients. A total of 573 patients were discharged from the CICU on the first postoperative day. In these patients, only one SOFA score was available preventing the calculation of a difference between the daily SOFA scores. As a result, these patients were classified as not suffering sepsis during the CICU admission.
Sepsis
The Sepsis-3 criteria for sepsis were met by 211 (9.5%) of the 2230 patients. Sepsis with suspected infection occurred in 104 patients (4.7%) and sepsis with proven infection was demonstrated in 107 (4.8%). The respiratory tract was the most frequent source of both proven (72.1%) and suspected infection (55.4%). Other sources of infection are shown in Table 3 . The median length of CICU stay (IQR) was 145.2h (114.5e261.7) for those with sepsis due to suspected infection, 211.5h (117.2e478.1) for those with sepsis due to proven infection, and 47.0h (28.8e72.6) for those without sepsis (P<0.01 for both). After controlling for the logistic EuroSCORE and CPB time using linear regression modelling, patients with sepsis had significantly longer CICU stays than those without. The increase in length of CICU stay (95% CI) was 134.1h (99.0e168.2) for those with suspected infection and 266.1h (231.6e300.7) for those with proven infection (P<0.01 for both). The linear regression model is detailed in Appendix I.
To ensure the length of stay analysis was not skewed by the 573 patients discharged on the first postoperative day, a sensitivity analysis using the same linear regression model on data taken exclusively from patients with two or more daily SOFA scores (n¼1657) was performed. The increase in CICU length of stay (95% CI) attributed to a diagnosis of sepsis with suspected infection in this subgroup remained significant at 135.7h (99.1e172.3); the increase related to proven infection was 265.8 (229.7e301.9) h (P<0.01 for both).
The 30-day mortality was 6.6% for those who suffered sepsis compared with 1.0% for those who did not (P<0.01). The mortality rates for sepsis with suspected infection (5.8%) and sepsis with proven infection (7.5%) were both significantly higher than the rate of 1.0% for those without sepsis (P<0.01 for both). After adjusting for preoperative and intraoperative confounders using the logistic EuroSCORE (full model detailed Appendix I), the odds ratio associated with sepsis was 3.7 (95% CI 1.1e10.2, P¼0.02) for suspected infection and 6.6 (95% CI 2.6e15.7, P<0.01) for proven infection.
Among those who suffered from sepsis, the main differences between survivors and those who died were that those who died had a higher median logistic EuroSCORE (16.7 vs 6.7, P<0.01) and were less likely to have undergone isolated coronary artery bypass graft or valve surgery (21.4% vs 60.4%, P¼0.01). Rates of renal replacement therapy (71.4% vs 28.4%, P<0.01) and prolonged mechanical ventilation (92.9% vs 33.5%, P<0.01) were higher in non-survivors than survivors.
Among patients with sepsis, the 2-yr survival was 87.5% for those with suspected infection and 73.8% for those with proven infection compared with 94.3% for those without sepsis (P<0.01 for both). As seen in Fig. 1 , the greatest difference in mortality rates was seen in the first 12 postoperative months. A second log-rank analysis which included only those patients alive 1 yr post surgery showed a smaller difference in the rates of survival to 2 yr between those who had suffered sepsis (98.1%) and those who had not (96.0%) which was no longer statistically significant (P¼0.06).
The confounding effects of preoperative logistic Euro-SCORE and CPB time on 2-yr survival were adjusted for using Cox proportional hazards regression. For those with sepsis due to suspected infection, the hazard ratio was 1.1 and the effect on survival was not statistically significant (95% CI 0.5e2.4, P¼0.76). However, for sepsis due to proven infection compared with those without sepsis, the hazard ratio was 3.6 (95% CI 2.2e5.9, P<0.01). The model is detailed in Appendix I.
SOFA increase ≥2 in the absence of sepsis
A total of 112 patients developed a SOFA increase !2 in the absence of proven or suspected infection. The median length of CICU stay (IQR) for these patients was 83.2h (48.5e124.9). This was significantly shorter than the median CICU stays of 211.5h for those with sepsis due to proven infection and 145.2h for those with suspected infection (P<0.01 for both). On multivariable analysis (full model detailed in Appendix I), a SOFA increase !2 without sepsis was associated with a nonstatistically significant difference in length of stay of 6.9h (95% CI -28.2e41.9, P¼0.70).
The 30-day mortality rate for those with a SOFA increase !2 in the absence of sepsis was 2.7%. This was higher than that for patients with lesser increases in SOFA scores and lower than that for those with sepsis and suspected or proven infection, but none of these differences was statistically significant (P¼0.10, P¼0.32, and P¼0.13, respectively). After adjusting for preoperative and intraoperative confounders using the logistic EuroSCORE (full model detailed in Appendix I), a SOFA increase !2 in the absence of sepsis was not significantly associated with 30-day mortality (odds ratio 2.1, 95% CI 0.5e6.2, P¼0.23). The 2-yr survival rate for patients who suffered a SOFA increase !2 without sepsis was 91.1%. This was not significantly different to the rate of 94.3% for patients with stable or small increases (<2) in the SOFA score (P¼0.13), neither was it significantly different from the 87.5% in those with suspected infection (P¼0.38). It was however significantly higher than the 73.8% for those with proven infection and sepsis (P<0.01).
Septic shock
Of the 211 patients diagnosed with sepsis, 159 patients (75.4%) met criteria relating to serum lactate concentration and use of 
Discussion
This is the first study to validate the Sepsis-3 guidelines in a cohort of patients after cardiac surgery. The new guidelines allow patients with only suspected infection to be diagnosed with sepsis. This may be one reason why the incidence of sepsis following cardiac surgery in this study (9.5%) is higher than that reported in studies which only included those with infection proven by microbiological culture. 5e7, 12 The frequency of sepsis with positive cultures (4.8%) was also higher than most previous studies of sepsis after cardiac surgery. However, the majority of the previous studies only included specific sources of infection such as the wound or respiratory tract. 5, 6, 12, 13 Despite the higher incidence of sepsis observed in our cohort, the 30-day mortality of 6.6% for patients with sepsis was lower than that found in previous studies in cardiac surgery. 5, 7, 14, 15 Sepsis based on the Sepsis-3 guidelines was a significant risk factor for adverse outcomes in our cohort. The 30-day mortality risk increased markedly in patients who met the Sepsis-3 criteria. Patients who suffered sepsis also had significantly longer CICU stays compared with patients who did not. Overall 2-yr survival rates were lower for patients with sepsis, although our secondary analysis, including only those who survived to 1 yr, illustrates that most of the impact of sepsis on mortality risk appears to be observed in the first 12 months. This relatively short-term effect on risk is different to that reported in patients from general ICUs which detected impact on survival in the longer term. 16 This difference may be due to the cohort of patients included in our study. In the cardiac surgery patients studied, the organ dysfunction that triggered the diagnosis of sepsis often progressed to organ failure in patients who had already been physiologically stressed by their surgery. Some 31% of those with sepsis required renal replacement therapy and 37% required prolonged mechanical ventilation. Patients either recovered from these critical complications or died as a result of them within a relatively short period. Studies in general ICU populations found that when Sepsis-3 criteria and SIRS-related sepsis criteria were applied to the same patients with suspected infection, the Sepsis-3 criteria identified fewer patients than SIRS-related criteria. They also showed that patients identified by the Sepsis-3 criteria were likely to suffer worse outcomes. 17, 18 However, the variables included in the SIRS criteria are influenced by the inflammatory response to major surgery as well as treatments such as mechanical ventilation, patient warming, and perioperative beta-blockade which are frequently employed following cardiac surgery. Importantly, unlike the SOFA-related definitions, the SIRS criteria cannot recognise the effects of interventions on the absolute values of these parameters. Moreover, in our cohort, 88% of patients fulfilled the criteria for SIRS postoperatively. Therefore, using SIRS-related criteria to diagnose sepsis would have led to the vast majority of suspected infections resulting in a diagnosis of sepsis, even where inflammation did not progress above the postoperative baseline. Consequently, the Sepsis-3 definitions seem to provide the most appropriate means for detecting sepsis after cardiac surgery. This may be also true for patient groups who require critical care treatments after undergoing other types of major surgery or suffering from conditions which result in noninfective, inflammatory responses such as pancreatitis or severe burns. A significant proportion of the patients diagnosed with sepsis in this study went on to meet the criteria for septic shock. The length of CICU stay, 30-day mortality, and 2-yr survival rate associated with septic shock were significantly worse than those for patients who suffered sepsis without septic shock. Further work to identify patients at the highest risk of developing septic shock would therefore be of clinical importance.
Approximately half of the patients diagnosed with sepsis in our study had proven infection and half had suspected infection; a proportion similar to that documented in the general ICU population. 19 The new Sepsis-3 guidelines include suspicion of infection to ensure all patients with sepsis were identified and treated early. 1 This analysis demonstrates that patients with suspected infection suffered outcomes more similar to those with proven infection than to those with no sepsis. While outcomes for patients with proven infection were worse than for those with suspected infection, it is clearly appropriate to adopt Sepsis-3, as this improves the early identification of patients at a high risk of adverse shortterm outcomes.
Limitations
The new Sepsis-3 criteria identify worsening organ function by the change in the daily SOFA score rather than absolute values. The guidelines state that the baseline SOFA should be assumed to be 0 unless a patient has 'pre-existing organ dysfunction (acute or chronic)'. Following cardiac surgery, the mean Day 1 SOFA score was 5.4 and over 90% of patients had a Day 1 SOFA score >2. Consequently, assuming a baseline SOFA score of 0 for patients undergoing this major surgery would be inappropriate. As a result, we required two daily postoperative scores in order to calculate the change in SOFA score and were therefore unable to diagnose sepsis before the second postoperative day. Some 26% of our patients were discharged on the first postoperative day and therefore could not be classified as having sepsis. The median CICU stay in these early discharge patients was 22.6 h and their 30-day mortality was only 0.7%. Although sepsis would be unusual on the first day following cardiac surgery we have performed a sensitivity analysis excluding these patients and the conclusions from the analysis are unchanged. The small 30-day mortality rate in the study (34 deaths) prevented the inclusion of additional confounders into the logistic regression analyses for 30-day mortality. 9 Logistic
EuroSCORE was chosen to be the sole confounder included in the model as it was considered the most clinically relevant variable.
As with any observational study, there were missing data. The incidence of missing data was, however, very low and SOFA scores were calculated using imputed bilirubin values for less than 2% of patients. In three of these patients, creatinine concentration or platelet counts were also imputed. A further potential limitation of this study is that it was conducted at a single centre. Although our centre performs almost all aspects of adult cardiac surgery, a larger, multicentre study would be the optimal method to validate these findings further.
Conclusion
This is the first study exploring how Sepsis-3 criteria influence the diagnosis of sepsis in cardiac surgery patients. Patients with sepsis due to proven or suspected infection suffered prolonged CICU stays and increased 30-day mortality, justifying the adoption of Sepsis-3 guidelines in cardiac surgery. 
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